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Soybean Seed Quality
and Sta.nd Establishment
P.hysiologicar Changes During -Storage
That Affect Soybean Seed Quality
.JAMES C. DELOUCHE
The physiological changes in seed that
lead to loss of viability are termed deterioration. Deterioration of seed has been defined as "an irreversible degenerative
change in the quality of a seed after it has
reached ·its maximum quality level" (2). It
is an inexorable, irreversible process that
progressively impairs the capabilities and
performance of the seed and culminates in its
death or--in practical terms--in loss of the
germinative capacity {19, 20, 27).
Deteriorationistraditionally associated
with storage. In seed program/industry operations, however, storage is most often perceived
as commencing with placement of packaged seed
in a warehouse and ending with distribution.
Packaged seed in a warehouse represents only
one segment of the total storage period for
seed, which begins at harvest and terminates
at the time the seeds are planted (21,30).
Deterioration of seed is usually initiated during the period following physiological maturity while the seeds continue to dry
down to the harvest maturity stage (22, 25,
54). This postmaturation, preharvest period
is considered by some (19) to be the first
segment of the storage period. The extent
and severity of field deterioration of seeds
(i.e., weathering) establishes their basic
quality. During harvest and subsequent operations, quality can be maintained, but it
cannot be improved--save in exceptional circumstances--over the level at harvest. The
first task in seed storage, therefore, is to
take· all the steps necessary to ensure that
the quality of harvested seed be as high as
possible. The losses in seed quality caused
by field deterioration and weathering and
the operative environmental factors are discussed by Andrews (8) in a paper in this volume.
Field deterioration of seed in terms of
causes and effects is essentially the same
as deterioration after harvest. In this
paper, therefore, deterioration is treated
as a continuum of detrimental changes that
can commence shortly after the physiological
maturity stage is attained and continue until the germinative capacity is lost.

FACTORS AFFECTING THE RATE OF DETERIORATION
Deterioration of seed-as for all living
systems--is considered to be inexorable.
Theoretically, it cannot be prevented, but,
practically, the rate of deterioration can
be controlled so that viability is maintained
for many years. This can be accomplished
through control of the factors- that --affect
the rate of deterioration.
The primary factors that influence the
rate of deterioration of seeds are inheritance,
temperature, and seed moisture content (28,
29, 32, 35). Other factors that influence
the rate of seed deterioration through interaction with temperature and seed moisture content are relative humidity, the incidence and
severity of mechanical damage, storage molds,
and insects.

Inheritance
Soybean seeds are inherently short-lived
(28). They deteriorate more rapidly than
seed of rice, corn, sorghum, wheat, and many
other seed kinds under the same conditions
of production, harvesting, drying, and storage (Table 1). Of the major agronomic crops
only shelled peanut seeds are more short-lived
than soybean seeds.
The higher relative rate of deterioration of soybean seeds--as compared with other
seed kinds--makes it very difficult to produce high quality seeds in the humid subtropics
and tropics and even in the warmer areas of
the temperate zone. Indeed, the difficulty
in maintaining the viability of soybean seeds
from harvest to the next planting season is
one of the major impediments to extension
of soybean production into the subtropics
and tropics (23, 24).
Substantial evidence is available that
the inherent short-livedness of soybean seeds
is more characteristic of "modern" cultivars
than of the species as a whole. There is
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Table 1.

Germination Percentages of High
Quality Seed Lots of Nine Species
During Storage under Ambient Conditions at Mississippi State, Missis sippi

Kind
Bean, snap
Corn, field
Cotton
Peanut, shelled
Rice
Sorghum
Soybean
Watermelon
Wheat ·

Storage Eeriod (months}
12
0
6
Z4
30
18
98
98
95
96
94
96
96
98
98

96

98
93
93
9Z
··96
94
98
97

96
96
95
60
94
93
85
96
97

90
96
92
5
93
86
60
95
96

9Z
90
90
0
90
8Z
4Z
90
9Z

90
85
84
0
88
78
0
88
90

considerable variation in seed longevity
within the species. Seeds of the cultivars
grown in the United States during the period 1930-50 for forage stored quite well.
The natural protection in the species against
one of the primary factors influencing rate
of seed deterioration, i.e., moisture content,
is dormancy, specifically, hardseededness or
impermeability of the seed coat to liquid or
hygroscopic moisture (46, 47). Kueneman reports on his work on identifying differences
in quality and storability of soybean seeds
among genotypes in a paper in this volume.
There are also differences among modern
cultivars in resistance to deterioration during weathering. Mohd-Lassim (39) demonstrated
that seeds of the "Mack" cul ti var deteriorated
much more rapidly in the field than those of
the "Dare" and "Forrest" cultivars that matured at the same time and were exposed to
the same weathering stresses (Fig. 1). His
findings corroborated the experience of seed
producers that good quality seeds of the "Mack"
cultivar are difficult to produce and store.

Temperature and Moisture Content
The primary roles of temperature and
moisture content in deterioration of seed
have long been established and are well documented (10, 17, 19, 28, 30, 33, 35, 42).
Generally, the rate of deterioration increases
as moisture content and temperature increase.
Harrington's (3Z) "rules-of-thumb" for seed
storage dramatize the importance of moisture
content and temperature in maintenance of
seed viability: the storage life of seeds is
doubled for each 10° F decrease in temperature; the storage life of seeds is doubled
for each 1 percent decrease in moisture content. The classic study of Toole an4 Toole
(56) illustrates very well the effects of
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temperature and moisture content on the
longevity of soybean seeds in storage, although
the data are somewhat in variance with Harrington's "rules-of-thumb." Germination of
9.4 percent moisture seed was maintained for
more than 10 years at 10° C, 5 years at zoo
C, and only 1 year at 30° C. In contrast,
germination of !3.9 percent moisture seed
decreased below 80 percent within 5 years at
10° C, 2 years at zoo C, and 0.5 years at
30° C (Table Z).
In a more recent study, Andrews (7) demonstrated the importance of seed moisture
content and temperature in "carry-over" storage of soybean seeds. Seed packaged at 10.4
percent moisture or less in multiwall threeply paper bags with Z-mil polyethylene liners
to retard moisture vapor transmission maintained germination above 80 percent for 18
months in Mississippi.
Seeds are hygroscopic. They absorb
moisture from the atmosphere or lose moisture
to it until the vapor pressures of seed moisture and atmospheric moisturecome into equilibrium. Since the vapor pressure of atmospheric moisture at a specific temperature and
pressure is a direct function of the degree
of saturation or relative humidity, the different kinds of seeds attain specific or
characteristic moisture contents when exposed
to different levels of atmospheric relative
humidity for a week or longer. The seed moisture content attained under these conditions
is variously referred to as the equilibrium
moisture content (EMC) or hygroscopic equilibrium value (Z8, 35). The EMC varies among
seed kinds in relation to chemical composition. It decreases as oil content of the
seeds increases (Zl). For all kinds or seeds
the EMC also slowly decreases as temperature
increases. The EMCs of soybean seeds at various levels of relative humidity at 25° C
are:
Relative humidity

Seed moisture
equilibrium

(%)

(%)

15
30
45
60
75
90

4.3
6.5
7.4
9.3
13.1
18.8

Since seed moisture content and ambient
relative humidity are in equilibrium during
storage, maintenance of a safe moisture content requires an average level of relative
humidity in the storage environment no higher
than that in equilibrium with the desired
seed moisture content. This favorable situation can be achieved in only three ways
(Z8): (1) storage in a region where relative
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(1974)

Germination of Mack, Dare, and Forrest soybean seeds
harvested at weekly intervals beginning October 2,
1974. Harvest maturity stage (14 to 16 percent moisture) was reached on October 2.
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Table 2.

Effect of Seed Moisture Content and Temperature on Germination Percentage
of Soybean Seeds During Storage

Temperature
(°C)

0.5

9.4

10
20
30

93
97
96

13.9

10
20
30

95
98
0

Moisture

(%)

Source:

AEEroximate number of lears in storage
1
2
3
5
4
92
95
98
93
99
99
96
94
90
89
87
0
98
93

96
0

92

88

49

10
94
0
0

Toole and Toole, 1946 (56).

humidity is sufficiently low; (2) reduction
of relative humidity to a favorable level by
conditioning of the storage environment (dehumidification); and (3) packaging the seed
in a moisture vapor impermeable container,
e.g., metal or plastic film, at a moisture
content that is in equilibrium with the desired level of relative humidity.
Emphasis in seed storage operations is
most often placed on the controlling influence of relative humidity on seed moisture
content. This emphasis is proper during the
packaged seed storage phase provided the
packaging material is not moisture vaporproof.
The hygroscopic equilibrium between seed and
the ambient relative humidity, however, is
two-way. In bulk storage or storage in a
moisture vaporproof package, the relative
humidity in the package or in the pore spaces
in a large mass of seed stored in bulk is determined by the moisture content of the seed.
In addition to its direct effect on seed
moisture content, the relative humidity of
the storage environment has indirect effects
on seed quality. The comprehensive studies
of Christensen and associates (17) have demonstrated that (I) storage fungi are a major
cause of quality losses in stored grain and
seed; (2) the important storage fungi cannot
grow and reproduce on grains or seeds in equilibrium with a relative humidity less than
65 to 70 percent; and (3) drying seeds or
grain to a moisture content in equilibrium
with a relative humidity below 65 to 70 percent, and maintaining it at that level during
storage, eliminates storage fungi problems
regardless of other conditions of storage.
The activity and reproduction of storage insects also decrease rapidly as relative humidity drops below SO percent, and reproduction stops altogether at less than 35 percent
relative humidity {18).

SEQUENCE OF DETERIORATIVE CHANGES
Deterioration of seed is characterized by change. Indeed, in a practical context, deterioration and change--detrimental
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change--are almost synonymous since the onset
and progress of deterioration in seeds is identifiable primarily in terms of measurable or
observable changes in their response-reactions
(19, 20). Conversely, of course, detrimental
changes in response-reactions of seeds are
considered to be the result of deterioration.
The detrimental changes caused by or associated with deterioration are also the consequences of deterioration in terms of their
effect on the propagative qualities of seeds.
Delouche and associates (20, 26, 27)
characterized deterioration of seeds as inexorable, irreversible, minimal at the time
of physiological maturity, and variable in
rate among seed kinds, cultivars, seed lots
of a cultivar, and individual seeds within a
lot. They also pointed out that deterioration is progressive, that specific components
of seed performance are affected by different
levels of deterioration, and that loss of
germinability is the final--and most disastrous--consequence of deterioration.
On the basis of available evidence and
the concepts that deterioration of seeds is
progressive and that loss of germinability
is the final consequence, Delouche (20) constructed a "probable" sequence of deteriorative changes in seeds, as follows:
•
1. Degradation of cellular (and subcellular) membranes and loss of permeability
control;
2. Impairment of energy-yielding and biqsynthetic mechanisms;
3. Reduced respiration and biosynthesis;
4. Reduced rate of germination and early
seedling growth;
5. Reduced storage potential;
6. Reduced rate of plant growth and development;
7. Decreased uniformity of growth and development among plants within the population;
8. Increased susceptibility to environmental stresses, especially during germination, emergence, and early seedling
development;
9. Decreased yield;
10. Decreased emergence percentage;

11.
12.

Increased percentage of abnormal seedlings; and
Loss of the capacity to germinate.

The postulated sequence of deteriorative
ch~ges in seeds emphasizes the increasing sever1ty of the changes, or rather their consequences, as related to performance capabilities of the seeds. A seed that has lost the
capacity to germinate has zero capabilities.
It does not follow, however, that a seed that ·
has maintained its germinative capacity has
100 percent capabilities. Depending on the
progress of deterioration, a germinable seed's
capabilities might be anywhere between near
0 and 100 percent. Reading the sequence of
deteriorative changes "backward," i.e. , from
loss of gerrninability to the onset of membrane
impairment, it is evident that a seed might
be capable of germination in a germination
test but not of emergence even under favora~le conditions.
Continuing, it might germ1nate and emerge in the field--but slowly-and develop into a weak seedling that succumbs
to an environmental stress. Or, the seedling
might survive but grow and develop more slowly,
flower later, and yield less than a plant from
a seed that was less deteriorated. The consequences of deterioration less disastrous
than loss of germinability fall within the
providence of vigor (20, 27), a subject that
will be considered later.
The progressive impairment of responsereactions and performance capabilities of seeds
during deterioration are evident in the data
presented by Byrd (12) and Byrd and Delouche
(13) from their studies on the deterioration
of so~bean , seeds in storage. Various responsereact1ons of the seeds were determined at
Table 3.

monthly intervals during storage at 30° c
and 50 percent relative humidity (Table 3).
Standard germination percentage did not significantly decrease until 7 months. However
. .
'
germ1nat1on percentage following accelerated
aging and a brief immersion of the seeds in
75° C water and emergence in the soil cold
test significantly decreased after 1 to 3
months' storage. Over 7 months, storage deterioration did not progress to the point where
germinability in a laboratory test was affected, but it had progressed sufficiently
even after one month to reduce the resistance
of the seeds to environmental stresses such as
the high temperature and relative humidity of
accelerated aging. Other performance parameters measured, such as rate of seedling
growth and respiratory activity, did not de~rease in value before loss of germinability
1n Byrd's study. Other investigators ·c3, 45,
53), however, have demonstrated that decreases
in rate of germination and seedling growth
and in respiratory activity precede loss of
germinability in soybean seed.
Since substantial losses in the performance capabilities of seed, i.e., seed quality, occur before the standard germination
percentage decreases, quality assurance programs should incorporate several additional
and more sensitive tests for monitoring the
progress of deterioration during storage of
seeds.

PHYSIOLOGY OF DETERIORATION
In a recent paper, Abdul-Baki (1) proposed that, on the biochemical level, three

Comparison of Several Quality Tests Conducted at Monthly Intervals on Soybean Seeds
Stored for Nine Months at 30° C, 50 Percent R .H.

02
Consumed
(ul)

R.g.

41

Root
growth
(4 days)
(mm)
86

21

0.79

89

36

75

25

1.07

91

85

38

83

21

0.88

70

93

76

35

77

23

0.98

99

75

61

84

45

87

27

0.34

88

93

47

67

33

37

72

24

1.07

6

86

92

-29

56

13

36

76

23

1.13

7

84

90

30

10

-3

-21

15

1. 70

8

43

47

-0

0

0

16

-48

38

20

1.38

9

53

56

0

0

0

15

30

12

2.15

Std.
germ.

Accelerated
aging

Heat
treatment

Cold
test

(%)

(%)

(%)

(%)

{%2

Root
growth
(3 days)
(mm)

0

96

97

93

90

89

1

94

96

83

-73

2

93

95

76

3

95

98

4

. 96

5

Months
in
storage

First
count
germ.

Source: ~yrd' 1970 (12).
Note: All values underlined are significantly different from those for the 0 months' storage
period.
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conditions must be met for seeds to attain
and maintain their full performance capabilities (i.e., vigor): (1) a highly organized
organelle/membrane system must be established
during seed development; (2) disorganization
of the organelle/membrane system during postmaturation dehydration must occur in an orderly manner such that it can be rapidly reorganized upon rehydration; and (3) during
rehydration, all membranes must be well organized before the seeds become fully hydrated.
Impairment of the integrity of the
organelle/membrane system in seeds, or perhaps
the capacity to reorganize promptly and properly during rehydration, is considered to be
a fundamental deteriorative change. It has
been known for many years . that aged, deteriorated seeds "leak" greater quantities of
amino acids, sugars, electrolytes, and so on
when soaked in water as compared with "new"
or vigorous seed. This phenomenon is the
basis for the so-called conductivity (or resistance) tests for seed vigor (9, 58).
Abu-Shakra and Ching (4, 5) studied
mitochondrial activity in germinating new
and old soybean seeds. They found that new
and old soybean seeds exhibited differential
phosphorylative efficiency. The P/0 ratio
of mitochondria from aged seeds was only 40
to 70 percent that of new seeds. Electron
micrography revealed that the mitochondria
from old seeds had dilated or inflated cristae,
coagulated matrices and disrupted outer membranes.
Damage to, or impairment of seed membranes--including those of organelles--has
been attributed to autoxidative/peroxidative
reactions involving free radicals. Villiers
(57) pointed out that the most likely mechanism of membrane impairment is peroxidation/
autoxidation of the unsaturated lipids. Polyunsaturated lipid components of the membrane
can react in the presence of oxygen to form
free-radical intermediates and unstable peroxides, which can result in the destruction
of the lipid itself, or the formation of insoluble lipid-protein complexes by cross
linkage. In a very recent paper, Stewart
and Bewley (51) presented evidence obtained
from studies of aging in soybean axes, which
in their view suggested that peroxidative
changes in lipids were involved in aging and
contributed to loss of viability. Changes
in phospholipids during storage of soybean
vseeds have also been reported by Chapman and
Robertson (14), but they attributed them to
uptake of hygroscopic moisture during storage. Parrish and Leopold (44) found that accelerated aging of soybean seed resulted in
reduced "vigor" and early respiratory activity, increased leakage of electrolytes, and
losses in .dry weight. They concluded that
each of the changes measured can be interpreted
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in terms of deteriorative changes in the
membranes. They hedged, however, in attributing membrane deterioration to peroxidation/
autoxidation reactions involving free radicals. In a subsequent study, Priestley and
Leopold (48) found that lipid oxidation was
apparently unrelated to the process of aging
in soybean seeds.
A major line of evidence for the membrane
impairment hypothesis of seed deterioration
is the phenomenon of increased "leakage" of
electrolytes, amino acids, sugars, and so on,
associated with aging or loss of vigor. While
this line of evidence is generally accepted,
Abdul-Baki and Anderson (2) cautioned that
apparent leakage of sugars might be better
interpreted as a decrease in sugar utilization capacity rather than a quantative increase in leakage per se. Other evidence
that membrane impairment is involved in loss
of performance capabilities of seed includes
the close association of membrane leakage
with chilling stress to seeds during imbibition, which can severely reduce vigor and
germination of seeds (11, 43), and the recent
report that methanol stress of soybean seeds
results in "physiological" lesions that increase membrane leakage, depress cyanide sensitive respiration, and reduce chlorophyll
synthesis (40), thus, mimicking changes during accelerated aging.
The reduction in respiratory activity
associated with aging and imbibitional chilling injury of seeds (i.e., soybean seeds) is
an expected consequence of membrane impairment since respiration within the mitochondrion is a function of "unit membranes" (3,
37, 38, 49). Leopold and Musgrave (38) found
that unaged soybean seeds utilize both the
cytochrome oxidase and the alternative pathway. In aged seeds, on the other hand, respiration is sharply reduced, especially
through the cytochrome pathway while the alternative pathway is engaged. They suggested
that the lowering of respiratory activity and
the shift in pathways may play an important
role in the decline of germinability and vigor.
Ching (15) has been the principal proponent of the association of ATP content with
seed vigor (hence, with seed deterioration).
Anderson (6) presented evidence that the low
rates of protein synthesis in slightly deteriorated soybean seeds were not due to losses
in ribosomal or soluble fraction activities,
but rather to reduced ATP content. Adenine
and adenosine conversions to ATP were reduced
in deteriorated axes, and these reductions
were, in turn, reflected in reduced incorporation of these components into RNA.
The reduction in biosynthetic activity
(protein synthesis) associated with aging
reported by Anderson (6) extended the observations reported earlier by Abdul-Baki and

Anderson (3) and Yaklich and Abdul-Baki (58)
that the rate of incorporation of radiolabeled
leucine and Pinto macromolecules, i.e., biosynthesis, decreases as the degree of seed
deterioration increases.
The other consequences of deteriorationreduced rate of germination and seedling
growth, reduced rate of plant growth and development, reduced storability, increased
sensitivity and susceptibility of the seed
system to environmental stresses, such as
sub- and supraoptimal temperatures, inadequate oxygen supply, and mechanical impedance
to emergence (soil crusting)--naturally follow the sequence of membrane impairment, reduced respiratory activity, and biosynthesis.
The physiology of deterioration has a
pathological dimension. Harman and Garret
(31) showed that pea seeds inoculated with
Aspergillus ruber deteriorated much more
rapidly in storage than uninoculated seeds.
Other evidence of deterioration, such as
shrunken cytoplasm, coalesced lipid vesicles,
disordered ribosomal matrices, and damaged
mitochondria were more pronounced in inoculated than uninoculated seeds. Soybean seeds
stored at 13 percent moisture and so C for
480 to 500 days increased only slightly in
fat acidity and in invasion by storage fungi,
while seeds at 13 and 14 percent moisture at
25° C increased appreciably in fat acidity
and invasion by storage molds, especially at
the higher moisture content (16). Kennedy
(36) reported that under experimentally controlled situations, invasion by fungi, especially A. gl,aucus, can account for serious
damage to soybean seed in storage. Nicholson
et al. (41) found that Salerotinia salerotiorum and Phomopsis sp. are internally seedborne in soybeans and can inhibit germination
in vitro and field emergence, while Tenne
et al. (55) documented changes in viability
and microflora of soybean seed stored under
the humid conditions in Puerto Rico.
Tachibana et al. (52) described a type
of cotyledonary necrosis in soybean seed.
The necrosis is noninfectious and results
from physiological deterioration of the cotyledonary tissue caused by weathering. Bacteria and fungi associated with the necrotic
tissues are secondary invaders.
The several other theories of seed aging
or deterioration have been reviewed by James
(33), Roos (SO), and Villiers (57). They
include (1) autotoxification of the seed system by accumulated deleterious metabolites that
render enzymes, nucleic acids, and membranes
nonfunctional; (2) "wear and tear" of cells,
organelles, and metabolic machinery until
they become too inefficient for resumption
of active growth, i.e., germination; and (3)
somatic mutations that accumulate until they
render the ess~ntial systems and mechanisms
inoperative.
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Somatic mutations that accumulate during
aging and lead to genetic changes, as well as
death, are of special .concern in the long term
preservation of germplasm. Roos (SO) pointed
out that the chromosomal aberrations that accumulate during storage are probably eliminated during the growth and reproductive stage.s
of the plant and, thus, are of little consequence in altering the.genetic makeup of the
next generation. However, they do appear to
contribute to the increased incidence of
seedling abnormalities characteristic of aging seed. Considering point mutations, Roos
felt that from the standpoint of germplasm
preservation, accumulation of mutagenic
changes during reproductive cycles adds to
the total genetic variability of the speciesa major goal of germplasm conservation. In
Roos's view, the most serious threat to the
genetic makeup of a population of seed is
natural selection during storage and regeneration, i.e., differential longevity, variations in resistance to seedbed stresses, differences in seed production, and so on.

VIGOR
The objectives of this paper did not
include a discussion of vigor. Yet, vigor
and deterioration are, in my view, so closely
related that the subject of vigor cannot be
completely ignored.
Seed vigor and deterioration are like
the opposite faces of a coin. The reality
is the same, but the views are from different
perspectives. Vigor has a positive connotation, while deterioration has a negative connotation.
In seed vigor research and development
work, attention is focused on consequences
of deterioration less severe than loss of the
germinative capacity, since this final and
most disastrous stage of deterioration is
adequately monitored by the standard germination test. A major objective of vigor evaluation is the identification of seed lots that
show acceptable germination but that have deteriorated to the extent that the probability
of their satisfactory performance in the
field--i.e., emergence, stand establishment-is not favorable. In some cases the objective is to identify seed lots with minimal
deterioration and very superior field performance capabilities.
Most of the methods used to evaluate
seed vigor are the same as those used in research on seed deterioration (3, 9, 34, 45,
53, 59, 60). Indeed, a substantial portion
of the information on seed deterioration derives from studies of seed vigor.
Estimates of the performance potential
of seed obtained from vigor evaluations are

relative. The reason for this situation is
that one of the most practically significant
manifestations of deterioration--or reduced
vigor--is an increased sensitivity of the
seed to environmental and physical stresses
in the seedbed. Since the actual performance of the seed when planted depends not
just on the level of deterioration of the
seed, but also on the severity of the stresses
and their interaction with the seeds, vigor
evaluation could only be absolute if the
stresses were controlled. This is not possible.
Despite the relative meaning of vigor
test results, they are important in quality
assurance programs including aspects concerned
with maintenance and monitoring of seed quality during storage. The most effective vigor
tests for soybean seeds are the tetrazolium
assay, the accelerated aging test, and the
rate of seedling growth evaluation (9).
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SUMMARY

8.

Physiological changes occur during seed
storage that impair various functional elements and systems, reduce performance capabilities, and ultimately lead to germination
failure. These changes are referred to as
seed deterioration, an inexorable, progressive, irreversible process, the rate of which
is influenced by inheritance, the quality of
seeds as they enter storage, temperature, and
seed moisture content/relative humidity •.
Problems associated with soybean seed storage
are more difficult and severe than for most
other kinds of seeds because the seeds of modern cultivars are inherently short-lived.
The evidence is very substantial that
impairment of the membrane systems in seed
is a fundamental event in the process of deterioration. This event leads to a loss of
efficiency in respiration and biosynthesis,
which in turn leads to a reduction in speed
of germination and seedling growth, an increase in the susceptibility of the seed to
stress, an increase in the incidence and
severity of seedling abnormalities, and ultimately to loss of the capacity for germination.
Deterioration and vigor are essentially
antonymous. They represent the negative and ·
positive aspects, respectively, of a seed or
seed lot's physiological condition.
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DISCUSSION

Bhatnagar: The deteriorative effects of
physiological changes have been well elaborated, but what were the precise changes
referred to in the title of the paper?
DeZouche: I'm afraid that I've labored under
the impression that the talk and paper I
prepared addressed in a rather comprehensive way the physiological-changes that
occur during storage of soybean seeds, or
other kinds of seed. In my view, impairment of membrane systems, reduced respiratory activity, reduced rate of germination
and seedling growth, reduced emergence potential, loss of germinative capacity, and
so on, are physiological changes highly
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relevant to our concerns·In this conference.
I do admit to some neglect of various speculations and theories related to seed aging
in my oral presentation. They will be reviewed in the paper.
KUeneman: Do some soybean lines having superior seed storability also have superior
weathering resistance? If so, are you
surprised?
DeZouche: No, but I would be surprised if
storability and weathering resistance were
not closely related.
Joshi: What does the soybean plant look like
at physiological maturity (of the seed) under tropical conditions?
DeZouche: I assume it would look like a soybean plant at the same stage under temperate conditions, viz., leaves still on although yellowing somewhat, pods yellowish
green, seed still elongated, rather soft,
about 50 to 55 percent moisture content,
wet basis.
QuebraZ: Do you have any experience in hermetic storage, either underground or underwater?
Delouche: Yes, with hermetic storage in airtight containers such as metal cans in a
regular or conditioned storeroom but not
underwater or underground. I assume the
only advantage of storing seed in airtight
containers underground or underwater would
be a generally lower temperature, which
would increase longevity.
Petcharat: You showed slides illustrating
plants produced from low, medium, and high
vigor seed. Differences in yield are evident. My question is: if more fertilizer
had been applied to the plants from the low
vigor seed, would they have looked like
those from the high vigor seed?
Delouche: I don't know. Possibly. In the
particular re~earch illustrated, seed vigor
was the variable studied. Cultural practices, fertilization, and plant population
were constant among the seed vigor levels.
Tedia: In tropical countries soybean seeds
appear to deteriorate at moderate to high
temperatures even though moisture content
is 7 to 8 percent. Has this been looked
into?
Delouche: Not very well. Seeds do, of
course, deteriorate at warm temperatures
even though moisture content is low. Low
moisture content soybean seeds and the
seeds of other grain legumes often do
germinate rather slowly and poorly. This
sort of response might be related to imbibitional stress rather than deterioration because conditioning the seed slowly
to a higher moisture content (above 10
percent) in a humidity chamber frequently
results in normal, much improved germination.

